which is relevant to the Jarzynski equality e β(W −∆F ) = 1, as predicted by a previous theory [2, 3] .
The Comment [4] by Campisi and Hänggi argues that an equation of the mutual information I nm = −β(W − ∆F ), which is Eq. (4) in [1] as the connection between Eqs. (1) and (2), is not generally valid, but only under specific conditions. We consider that the comment involves something misleading, and clarifying some important points is necessary.
First, the final result, i.e., Eq. (8), in [4] is a straightforward result of our theory, for which we had already obtained when writing Refs. [1] [2] [3] . Simply speaking, using Eq. (2) in [1] , where p m|n = Tr[Q m P n ] and
n , we can easily obtainĨ
which is actually Eq. (8) in [4] but contains no interesting physics. Note that our purpose in Refs. [1] [2] [3] is to bridge a relationship between quantum information and thermodynamics. To this end, we need to go a further step after reaching the above equation, as plotted in Fig.  1 . This further step is a thermalization of the state to the canonical distribution as mentioned in [3] . Here we explain it again in a more clarified way. With Gibbs state prepared in [1] , after projecting the initial thermal state onto P n followed with a free evolution, we quench with H f , and the state finally thermalizes to the canon-
which is the Jarzynski equality [5] and relevant to Eq.
(1) provided that the mutual information is written as
Second, we have to say that the Comment [4] introduces 'open quantum system' into our theory, which is unnecessary. In fact, no decoherence is considered in both our theory and experiment [6] . To avoid decoherence, the thermalization in a quantum system is to reach an equilibrium state, which is accomplished in a closed system. Specifically, in [1] , after free evolution as step 1 in Fig.  1 , we obtained a non-equilibrium state of H f . Thermalizing the state to equilibrium is just the transformation to the equilibrium state ρ f of H f by unitary operations. In addition, we worked with two-level Gibbs states, which means ∆F = 0. As such, the work between the initial and final states could be simply obtained by the difference of the corresponding eigenvalues as W = E i n − E f m . In summary, the confusion made in Comment [4] includes omission of the state thermalization to equilibrium and misunderstanding of our work carried out in an open quantum system. Here we would like to emphasize again that Eq. (1) can be relevant to the Jarzynski equality under the condition that the initially prepared Gibbs states, under measurements with P and Q, thermalize to a canonical distribution in the absence of decoherence. Experimental work in [1] , based on the simplest Gibbs states in a qubit, shows the possibility to bridge the information-theoretic equality to the Jarzynski equality. 
